Objectives-Examine evidence for different subclasses of posttraumatic stress disorder (PTSD) symptoms in a sample of trauma exposed, low-income, predominantly African American men and women. Assess the relationship between PTSD subclasses with major depressive disorder (MDD) and types of trauma experienced.
Introduction
Posttraumatic stress disorder (PTSD) is a severe trauma-related psychiatric illness often associated with depression. The rate of lifetime PTSD in the veteran population has been estimated to be 10-31% (Kang et al., 2003; Kulka et al., 1990; Tanielian and Jaycox, 2008) with lower rates observed in the general population, estimated to be 5-10% (Kessler et al., 1995) . The National Comorbidity Survey of 1995 (Kessler et al., 1995) estimated that 48% individuals who met criteria for PTSD also met criteria for major depressive disorder (MDD) . PTSD and MDD are the two most common psychiatric outcomes among individuals with trauma exposure. Symptoms that characterize PTSD include intrusive and fearful memories, flashbacks, emotional numbing, and nightmares of the traumatic events, while symptoms such as emotional detachment, loss of interest, and impaired concentration characterize MDD. The considerable overlap of symptoms of PTSD subjects with other psychiatric diseases has posed significant challenges in diagnosing and treating patients with PTSD.
Previously, PTSD studies mainly focused on veteran populations (Bremner et al., 1992; Dohrenwend et al., 2006; Kang et al., 2003; Wolf et al., 2012) . More recently, there has been an increasing interest in studying PTSD in the civilian population (Cloitre et al., 2013 (Cloitre et al., , 2014 Gillespie et al., 2009; Nugent et al., 2012; Schwartz et al., 2005) . Among civilians, economically disadvantaged African American and Latino populations appear to be exposed to significant amounts of trauma (Alim et al., 2006a; Breslau et al., 1998) . In a sample of predominately low-income African American men and women (n=1256), 87.8% reported some form of significant trauma exposure in their lifetime (Gillespie et al., 2009) . There is evidence that trauma-related psychopathology contributes to intergenerational patterns of violence (Abram et al., 2004; Byrne et al., 1999; Fullilove et al., 1998; Schwartz et al., 2005 Schwartz et al., , 2004 with potential for psychiatric as well as medical illness and constitutes a major public health problem. Given that there is tremendous heterogeneity in the clinical presentation of PTSD it is of interest to investigate whether certain homogeneous subclasses exist by parsing out the heterogeneity of PTSD symptoms. The findings of such homogeneous subclasses would help to understand the etiology of the disease and may help enhance treatment strategies.
Latent class analysis (LCA) is a powerful data driven statistical method to investigate the structure of heterogeneous diseases. Model based classification methods partition subjects into subclasses such that subjects are homogenous within a subclass while subjects from different subclasses are heterogeneous. LCA is commonly used (Cloitre et al., 2013 (Cloitre et al., , 2014 Nugent et al., 2012; Steuwe et al., 2012; Wolf et al., 2012) for obtaining unobserved subclasses (subgroups) of mental disorders such as PTSD based on behavioral symptoms. Breslau and colleagues (Breslau et al., 2005) first applied LCA to investigate the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV) PTSD symptoms from two large urban community samples and reported the presence of three subclasses of subjects based on symptoms, described as: 'no disturbance', 'intermediate disturbance ', and 'pervasive disturbance'. Nugent and colleagues (Nugent et al., 2012) applied LCA (LCA with continuous scores is often known as latent profile analysis (LPA), however, we use the generic term LCA) on the DSM-IV PTSD symptoms (severity score) to examine heterogeneity among PTSD patients from a subset of subjects described in this manuscript. They reported six different subgroups of PTSD symptom profiles, described as: 'resilient', 'moderate with amnesia', 'moderate with diminished interest', 'moderate without diminished interest and amnesia', 'severe without amnesia', and 'severe over all'. They further summarized their findings as 'resilient' (1 profile), 'moderate' (three profiles), and 'severe' (2 profiles) symptoms to be consistent with Breslau and colleagues (Breslau et al., 2005) LCA subclasses.
The goal of the current investigation was to find parsimonious and reproducible latent subclasses of subjects in terms of PTSD symptom severity based on a large dataset (N=5063) with DSM-IV PTSD symptoms in a low-income, trauma exposed, primarily African American population.
One of the major challenges in such latent class analyses is to decide on the number of subclasses to extract. A commonly used criterion is to choose the number of subclasses that optimizes the goodness-of-fit statistics such as the Bayesian Information Criterion (BIC) (Schwarz, 1978) and the Log-likelihood of the latent class model to the observed data. The parametric bootstrapped likelihood ratio test (BLRT) (McLachlan and Peel, 2000) is another commonly used criterion to extract latent subclasses. However, fit statistics, such as BIC don't always provide the most interpretable latent subclasses (Cloitre et al., 2013 (Cloitre et al., , 2014 Wolf et al., 2012) and BLRT in the framework of LCA is often inconclusive (Nylund et al., 2007) . Specifically, when the sample size increases, fit statistics generally tend to lead to a larger number of latent subclasses. This becomes a problem in a large population study such as ours because the above mentioned fit statistics result in over-stratification of the population. Another problem is that the identified subclasses would have poor reproducibility in other studies. We developed a new measure, the Reproducibility Index, to help guide the selection of the number of latent subclasses in order to have greater stability and reproducibility of results in future studies.
In this study, LCA was applied to data for participants from the Grady Trauma Project, a NIH funded project investigating PTSD in an urban population, using scores from the 17item PTSD Symptom Scale (PSS). Interpretable and reproducible latent subclasses of subjects in terms of PTSD symptoms severity were obtained. We characterized the identified subclasses in terms of PTSD symptom severity, current PTSD and MDD diagnosis, as well as comorbidity of PTSD and MDD. This study also provided an opportunity to assess the relationship be-tween PTSD and trauma exposure scores, such as the childhood trauma questionnaire (CTQ) and traumatic event inventory (TEI), which was important because trauma plays the primary etiologic role for the development of PTSD and comorbidity of PTSD and MDD.
Methods

Study Subjects
The data for this study were collected to increase understanding of psychiatric sequelae of trauma exposure in a low-income, urban population of, predominantly African American men and women. A total of 8091 participants were approached while in the waiting rooms of primary care or obstetrical-gynecological clinics of Grady Memorial Hospital in Atlanta, Georgia, USA. All participants signed informed consent approved by the Emory University Institutional Review Board and the Grady Hospital Research Oversight Committee. Approximately a third of the participants were missing some items of PSS or did not meet a trauma exposure criterion for PTSD diagnosis. We analyzed data for 5063 participants, all of who had complete information on the 17-item PSS and a history of trauma exposure.
Clinical Assessment
All subjects in the study completed the modified PSS (Foa and Tolin, 2000; Schwartz et al., 2005) , the Beck Depression Inventory (BDI) (Beck et al., 1961) for depressive symptom assessment, and Childhood Trauma Questionnaire (CTQ) (Bernstein and Fink, 1998) for childhood abuse. Lifetime trauma exposure was assessed by the Traumatic Events Inventory (TEI) (Schwartz et al., 2005) .
Modified PTSD Symptom Scale (PSS)-The PSS is a psychometrically valid 17-item self-report scale assessing PTSD symptomatology over the two weeks prior to rating (Foa and Tolin, 2000; Schwartz et al., 2005) . Each symptom is rated on a 4-point scale from 0 (not at all) to 3 (very much/almost always) with higher scores indicating more severe symptoms of PTSD. The PSS has been validated with the widely used gold standard measure of PTSD, the Clinician Administered PTSD Scale (CAPS; (Foa et al., 1993; Foa and Tolin, 2000) ). The diagnosis of current PTSD (PTSD vs. no PTSD) was determined based on DSM-IV A-E criteria responses to the PSS questionnaire (A, exposure of trauma; B, presence of at least 1 intrusive symptom; C, presence of at least 3 avoidance/numbing symptoms; and D, presence of at least 2 hyperarousal symptoms; and E, symptoms present for at least 1 month). (Beck et al., 1961) is 21-item selfreport inventory measuring depression severity in the previous 2 weeks. Each of the items measures the presence and severity of depressive symptoms that are rated on a scale from 0 to 3. For certain analysis, subjects were classified as having MDD determined by a cutoff score of 15 on the BDI (Craven et al., 1988) , which results in optimal sensitivity. The Structured Clinical Interview for DSM-IV (SCID) confirmed the current diagnosis of MDD in a subset of individuals.
The Beck Depression Inventory (BDI)-The BDI
Childhood Trauma Questionnaire (CTQ)-The CTQ (Bernstein and Fink, 1998 ) is a 28-item self-report inventory assessing childhood physical, sexual and emotional abuse. The current brief version (Bernstein and Fink, 1998; Bernstein et al., 2003) of CTQ and the original 70-item CTQ are both consistent, stable over time, with high validity. The CTQ yields a total score and five sub-scale scores, in particular, childhood sexual abuse (items 
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Author Manuscript 20-24, 27), childhood physical abuse (item 9,11,12,15,17) , childhood emotional abuse (item 3,8,14,18,25) , childhood emotional negligence (item 5,7,13,19,28) , and childhood physical negligence (item 1,2,4,6,26).
Traumatic Events Inventory (TEI)-The traumatic events inventory (Schwartz et al., 2005) is a measure that assesses lifetime history of trauma exposure, including child abuse and non-child abuse. The TEI assesses past experience and frequency of 13 separate types of traumatic events.
Statistical Analysis
In order to identify homogeneous groups of subjects in terms of PTSD symptoms, we employed a latent class analysis (LCA) with the 17 core symptoms of PTSD, measured by PSS. We performed LCA via model-based classification for normal mixture models (Fraley and Raftery, 2002) with R-package mclust version 5.0.2 (Fraley et al., 2012) , which has been shown to outperform traditional classification algorithms (Magidson and Vermunt, 2002) . One advantage of normal mixture models (Fraley and Raftery, 2002) with mclust statistical software is that it has several covariance models to choose from (Fraley et al., 2012) . Thus, to determine the optimum number of latent subclasses we conducted our analysis using mclust version 5.0.2 with the covariance model 'EII' (Fraley et al., 2012) . Geometric features of the latent subclasses are spherical with equal size, which provided better qualitative and quantitative differences among the selected subclasses. Classification of subjects was determined based on the estimated posterior probabilities that indicate the likelihood of each subject belonging to each subclass. Subjects were assigned to the subclass for which the posterior probability was highest.
Model fit comparison was assessed using three traditional methods (a) log-likelihood; (b) Bayesian information criterion (BIC), a penalized log-likelihood function where the penalty term is based on the number of estimated parameters and the sample size used; and (c) Gapstatistic (Tibshirani et al., 2001) , a nonparametric goodness-of-classification measure that takes into account within-and between-class sum-squares obtained from a given number of classes. The higher values of the log-likelihood, BIC and Gap-statistic corresponds to a better fit of the model to the observed data, which guided our selection of the number of latent subclasses. However, the determination of the number of subclasses based on the current fit statistics is often ambiguous, particularly with large data sets, and results in over estimation of the number of subclasses (Baudry et al., 2010) . In order to address this issue, we developed an empirical statistical measure to aide in the decision of the number of subclasses. Development of the measure was based on the principle that the number of subclasses should be reproducible when the same latent model is applied to repeated sampling of subsets of data or in other studies. We refer to this measure as the Reproducibility Index and it is described below.
Reproducibility Index-We considered an empirical measure to help guide in determining the number of latent subclasses such that the selected number of subclasses is reproducible in a subsample of the dataset or in other studies. For a given number of subclasses, for example 2, we fit a LCA model for the whole dataset. Then, we took a subsample of the data and fit LCA model to the subsample. Next, we computed the percent of subjects from the subsample whose class membership was the same as the class membership when the total dataset was used. We then computed a weighted sum of these percentages where weights were the proportion of subjects belonging to each subclass of the subsample data. We repeated this process 1000 times, at each time with a subsample of 500 individuals. Finally, we computed the mean of the weighted sum of percentages and referred to this as the Reproducibility Index for determining number of subclasses in the LCA. A Reproducibility Index value of 1 indicated that the number of latent subclasses is perfectly reproducible in a subsample or a smaller dataset. We repeated this procedure up to 9 subclasses and the estimated Reproducibility Index is given in Table 2 . Reproducibility Index is promising in the determination of latent subclasses such that the selected number of subclass will be reproducible in other studies.
For this study, the number of latent subclasses was determined by first looking at the three traditional methods (BIC, log-likelihood, and gap-statistic) and then using the Reproducibility Index. Finally, interpretability of the remaining latent subclasses was assessed to decide on the optimal number of latent subclasses.
Multiple pairwise comparisons were performed to examine differences in PTSD symptoms, depression symptoms, trauma exposure, and demographics across the identified latent subclasses. To account the classification error we employed BCH method (Bakk et al., 2013) when comparing external variables by latent subclasses. Note that BCH method uses posterior probabilities that indicate the likelihood of each subject belongs to a subclass and which is one of the commonly used method to account classification errors.
Results
There were 5053 subjects that reported their gender of which 3572 were females (70.7%) and 1481 were males (29.3%) (Table 1) . Self-identified race was predominantly African American (91.9 %). The mean age of the sample was 40 years (range:18-81) and the majority of the subjects were unemployed at the time of interview (69.1%).
Thirty-three percent of the participants of the sample (N=5063) met DSM-IV criteria for a current PTSD diagnosis, 43% met criteria for MDD, and 24% had both PTSD and MDD. Among those participants who met PTSD diagnosis criteria, 75% met criteria for MDD. Exploratory data analysis showed that serious life-threatening accidents (48.2%) were the most common form of trauma exposure followed by interpersonal violence such as witnessing violence between parents or caregivers (31.8%), being a victim of attack with a weapon (31.2%) and without a weapon (27.3%), and experiencing sexual assault before age 13 (24.8%). Approximately one fourth (26.9%) of the participants reported trauma exposure due to a natural disaster, 23.1% reported sudden life-threatening illness, and one out of five (21.1%) participants reported physical abuse during childhood. Other forms of trauma exposure were witnessing murder of family members or friends (13.6%), experiencing sexual assault between ages 13 to 17 (14.3%), and sexual assault after age 17 (11.5%).
In order to assess model fit, we first examined traditional statistical methods BIC, loglikelihood, and gap-statistic (Table 2) . Traditional statistical methods revealed latent subclasses of size two and three to be too small. Next, the Reproducibility Index was used to assess latent subclasses of size 4 -9 (Table 2 ). The reproducibility index suggested latent subclasses of size 6 -9 were too large and would lead to worse reproducibility and stability than smaller latent subclasses. Finally, we assessed interpretability of the latent subclasses for sizes four and five by plotting PTSD symptoms by severity score. The four latent subclass model showed a clear separation in symptom severity and PTSD diagnosis among the identified subclasses whereas the five latent subclass model did not. Thus, we selected the four latent subclass model because it was the most parsimonious, reproducible, and interpretable ( Figure 1 , Table 3 ).
The Four Latent Subclasses
Latent class analysis of the PSS questionnaire revealed four distinct latent subclasses of PTSD symptoms (Figure 1) . To better understand differences between the four latent subclasses, mean PSS scores by item, depression, and exposure to lifetime and childhood trauma were assessed.
Subclass 1 -High Severity and Comorbidity-Subclass 1 (n=932, 18.4%) had the highest mean score for all PSS symptoms compared to the other subclasses. Subclass 1 also had the highest mean BDI score indicating, on average, subjects in this subclass were more depressed (Figure 2) . Current PTSD and MDD diagnostic status revealed Subclass 1 to have higher rates of PTSD, MDD, and comorbid PTSD and MDD (95.2% PTSD, 88.7% MDD, and 82.0% both, Table 3 ). Due to the high mean scores of PSS items and high comorbidity of PTSD and MDD diagnosis, Subclass 1 was named high severity and comorbidity subclass.
The TEI was used to assess the proportion of subjects in each subclass that experienced eleven specific types of lifetime traumas (Figure 3 ). For every type of trauma, the high severity and comorbidity subclass had the highest proportion of subjects that experienced that trauma. The largest differences were seen for childhood physical abuse and sexual abuse prior to age 13. The CTQ showed the mean score for the 5 types of childhood trauma (sexual abuse, physical abuse, emotional abuse, emotional neglect, and physical neglect) were also highest for the high severity and comorbidity subclass ( Table 5 ). The results of the TEI and CTQ suggest the high severity and comorbidity subclass experienced the greatest amount of trauma. Significantly higher rates of inter-personal trauma exposure (witnessing violence, victim of attack with weapon, physical and sexual abuse) in the high severity and comorbidity subclass may help explain the high comorbidity between PTSD and MDD (p < Approximately half of the subjects met current diagnosis for PTSD and MDD separately and approximately 30% were diagnosed with both (Table 3) . Subclass 2 was termed moderate severity subclass due to the moderate mean PSS scores, PTSD diagnosis, and MDD diagnosis.
The moderate severity subclass had the second highest proportion of subjects that experienced the lifetime traumas assessed by the TEI. Two exceptions were 'Natural Disaster' and 'Sudden Life-Threatening Illness'. CTQ showed the mean scores for each type of childhood trauma was second highest for the moderate severity subclass (Table 5) .
Subclass 3 -Low PTSD and High Depression-Mean scores on all PSS items for subclass 3 (n=657, 13.0%) were lower than subclasses 1 and 2 and higher than subclass 4. The one exception was insomnia. Interestingly, subclass 3's mean score for insomnia was almost equal to the high severity and comorbidity subclass. While mean PSS symptoms for subclass 3 were, with the exception of insomnia, lower than the moderate severity subclass, there was not a significant difference in BDI scores (p = 0.99). The depression experienced in subclass 3 (M = 15.93, SD = 9.60) was approximately equal to that of the moderate severity subclass (M = 16.81, SD = 10.02). Current diagnosis of PTSD, MDD, and comorbid PTSD and MDD revealed subjects had similar rates of MDD to the moderate severity subclass but lower PTSD and comorbidities (Table 3 ). Hence, subclass 3 was denoted as low PTSD and high depression.
Low PTSD and high depression had the third highest proportion of subjects that experienced all TEI items with the exception of 'Natural Disaster' and 'Sudden Life-Threatening Illness'. There was not a significant difference in proportion that experienced 'Natural Disaster' between the moderate severity and low PTSD and high depression subclasses (p = 0.95). The low PTSD and high depression subclass had a higher proportion of subjects that experienced 'Sudden Life-Threatening Illness' than moderate severity, but the difference was not statistically significant (p = 0.19). The difference in proportion that experienced 'Sudden Life-Threatening Illness' was also not significantly different compared to the high severity and comorbidity subclass (p = 0.18). Mean CTQ scores for all trauma types were lower than the high severity and comorbidity and moderate severity subclasses. There was childhood trauma types. There was not a significant difference in mean scores for childhood physical neglect between the low PTSD and high depression and resilient subclasses.
Demographic Information Across Latent Subclasses
Demographic information of the study participants across the four subclasses is given in Table 4 . Chi-squared tests showed gender, race, unemployment rate, education, and income differed across the four latent subclasses (p ≤ 0.010). Multiple pairwise comparison revealed gender only differed between moderate severity and resilient subclasses (p < 0.030). Unemployment rate was significantly higher for the high severity and comorbidity subclass than the other three subclasses (p < 0.001).
Discussion
In this study, we conducted a latent class analysis (LCA) using 17 PTSD symptoms, measured by the PSS questionnaire, for 5063 trauma exposed subjects. LCA suggested four subclasses of PTSD symptom severity: (1) High severity and comorbidity , (2) Moderate severity, (3) Low PTSD and high depression, and (4) Resilient.
The high severity and comorbidity subclass reported the most severe PTSD symptoms (including avoidance, hyper-vigilance, and insomnia) and had the highest percentage of participants that met both PTSD and MDD diagnostic criteria. This subclass reported the highest levels of exposure to adult and childhood traumas. The largest difference in proportion of traumas experienced compared to the other subclasses appears to be childhood physical abuse and sexual abuse before age 13. Further investigating childhood trauma in this subclass may aide in understanding the comorbidity of PTSD and MDD.
The moderate severity subclass reported the second highest PTSD symptom severity. The symptoms avoid thinking, avoid activities, and hyper-vigilance were prominent in this subclass compared to other symptoms. Approximately half of the subjects in this subclass met current PTSD or MDD diagnosis of which 34.5% met both. Avoiding thinking, social activities, and hyper-vigilance may be key symptoms to target persons at higher risk for developing PTSD.
The low PTSD and high depression subclass reported low symptom severity for all PTSD symptoms, except insomnia. Furthermore, only 12.8% of the subclass met current PTSD diagnosis whereas 49.9% met MDD diagnosis. Symptom severity reported for insomnia was similar to that of the high severity and comorbidity subclass and significantly lower than the moderate severity subclass.
Subjective reports of sleep disturbance (insomnia) have indicated that 70-91% of patients with PTSD had difficulty falling or staying asleep (Maher et al., 2006) . Furthermore, evidence suggests people that experience insomnia have a ten-fold risk of developing depression compared with those who sleep well (Taylor et al., 2005) . High symptom severity of insomnia in the high severity and comorbidity subclass supports previous findings effect of insomnia on PTSD and depression. The difference in insomnia severity and current diagnosis of PTSD and MDD in the moderate severity versus low PTSD and high depression subclasses is of particular interest. The moderate severity subclass had significantly lower severity scores on insomnia compared to the low PTSD and high depression subclass.
However, there was not a significant difference in people meeting current MDD diagnosis.
These results indicate insomnia may be an important symptom for MDD in persons that do not meet PTSD diagnosis, such as in the low PTSD and high depression subclass. From the moderate severity subclass we see that high symptom severity for insomnia is not crucial for MDD. However, avoidance and hyper-vigilance symptom severity is high for this class, similar to the high severity and comorbidity subclass, which may indicate the importance of these symptoms in persons that develop PTSD.
Future research should focus on better understanding insomnia, avoiding thinking, avoiding activities, and hyper-vigilance. The goal is to better understand how these symptoms relate to current PTSD and MDD diagnosis. By understanding these symptoms, we may become better equipped to target persons at high risk of developing PTSD, MDD, or both.
Strengths of the study include a large civilian dataset with detailed information on PTSD symptoms, depression, and traumas experienced in childhood and adulthood. The application of rigorous statistical methods to identify subclasses of PTSD symptoms is another strength. One of the limitations of this study is the absence of treatment to further validate subclasses by responses to treatments as this is a cross-sectional study. A large longitudinal study with treatment or clinical courses could facilitate further evaluation of the latent subclasses. The study is also limited by the use of self-report measures and retrospective reports of childhood trauma (CTQ). Several studies have found strong convergence between the CTQ and more objective measures of abuse (Carpenter et al., 2011; Hyman et al., 2005) . Finally, the dataset was comprised primarily of African American subjects with low socioeconomic status. While these data may not generalize to all traumatized populations, they are representative of other large urban samples (Alim et al., 2006b) , which have been understudied in PTSD research. Table 5 Trauma (CTQ) Exposure Among the Four Latent Subclasses 
Proportion of Subjects Within each of the Four Latent Subclasses Experienced Different
